Abstract-
INTRODUCTION
A key parameter of the Vertical Handover (VHO) management procedure is the Access Network Selection (ANS) in the decision phase. There are many proposals introduced by researchers about ANS, (e.g., [1, 2]); however, the proposed ANS schemes lack unity while a number of issues still need to be resolved such as the discrepancy between user centric and network centric schemes [3] . In the user centric scheme, the goal is how to get the best connection anywhere, anytime regardless of network operation complexities which matters from the operator's perspective [3] . This in turn means that there are several conditions based on networks' perspective and users' perspective should be taken into account to get the Always Best Connected (ABC) between heterogeneous wireless networks: network conditions, mobile conditions, user preferences, Quality of Service (QoS) requirements and service cost. Therefore, the Mobile Users (MUs) can exploit all available Radio Access Technologies (RATs) to automatically select the best access network which meets their requirements such as service costs and QoS through changing weight factors and constraints in a single objective optimization function [4] . This paper overviews VHO approaches proposed in the literature and classify them into three categories based on ANS methods for which their characteristics are presented. The rest of the paper is organized as follows: section II overviews ANS methods based on VHO approaches. In section III, a comparison of ANS methods based on VHO approaches is presented and finally, section IV concludes the paper.
II. AN OVERVIEW OF ANS METHODS BASED ON VHO APPROACHES
There are three main ANS methods used in heterogeneous networks: Multiple Attribute Decision Making (MADM), Fuzzy Logic (FL) and Neural Networks (NNs) [5] , this is shown in Fig.1 .
A. Multiple Attribute Decision Making (MADM)
The [23, 7] .
However, the MADM methods use simple calculations and reduce the complexity of implementation whereas they cannot efficiently deal with a decision problem which contains imprecise data [2].
B. Fuzzy Logic (FL)
The FL is applied to select when and over which network to handover among different available access networks and it is combined and evaluated with the multiple criteria simultaneously in order to develop advanced decision algorithms for both non-real-time and real-time applications [2] .
The FL has features as following [2, 24] :  Dealing with imprecise data and multiple inputs parameters for making a VHO decision, high efficiency, flexible, supported non-real time and real time service and robust mathematical framework.
 Reducing unnecessary VHO (elimination of the ping pong effect), reducing signaling cost due to VHO processes and improving QoS due to VHO.
Many VHO approaches have been proposed in the literature applied with FL [25, 26, 27] , [28, 29, 30, 31, 32, 33, 34, 35] which have been surveyed in [36] and [22] , respectively. There are also another VHO approaches have been proposed in [37, 38, 39, 40] .
On the other hand, it is possible to use FL and MADM methods with the same VHO approach (e.g., [1, 41] ). However, the FL increases the complexity of VHO algorithm [2].
C. Neural Networks (NNs)
The NNs methods deal with complicated or imprecise data [42] . It was proposed to satisfy user bandwidth requirements by selecting only an appropriate time to handover based on RSS (e.g., [43, 44] ). Whereas the Artificial Neural Networks (ANNs) make a handover decision based on choosing an appropriate time and a most suitable access network, some related to the user preferences and network preferences [45] , [46, 47] which have been surveyed in [36] and [22] , respectively. On the other hand, it is possible to use FL and NNs methods with the same VHO approach (e.g., [48, 49] ). 
III. COMPARISON OF ANS METHODS BASED ON VHO APPROACHES
Section II has presented three ANS methods used in heterogeneous networks and their purposes, features and challenges have been discussed: MADM, FL and NNs. To provide a comparison of ANS methods based on VHO approaches, their specifications are summarized on: Multiple inputs parameters for making a VHO decision, methods, efficiently deal with a decision problem which contains imprecise data, complexity, and the number of related works found in the literature, this is shown in Table I .
According to the fair comparison between these methods in Table I , it is observed that although the NNs and FL provided almost the same performance for the characteristics, the MADM and FL seem to supersede NNs which were popular choices for the majority VHO approaches that found in the literature. This is because the NNs suffer increasing complexity of VHO algorithm.
IV. CONCLUSION
This paper has overviewed VHO approaches proposed in the literature applied with ANS methods for which their characteristics have been presented. It has been concluded that the majority VHO approaches in the literature were based on the MADM and FL compared to the NNs. Therefore, it would be preferable to develop an implementation to practical experiments for evaluating real-world NNs deployments and to make a more intelligent and optimized network selection. 
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